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INTRODUCTION 
The underlying purpose of this research was to gain a 
further insight into the mechanism of the setting of silicic 
acid gels. The primary purpose, however, was to study, the 
effect upon the heat of activation of the substitution of 
the weak acids, heretofore used almost entirely in the work 
done at Un~°-n College on th~se gels, by certain strong acids. 
The acids employed in this research were hydrochloric, 
nitric and sulphuric. Several gels were prepared froma 
. - . .. ... .. . . 
standard silicate solution and each of these acids. Measurements 
o~ thQ time of set and pH were taken for each gel. Four 
different temperatures were used. All of the gels studied 
fell in the range of pH extending from 3 to 6. From the data 
obtained values of the heat of activation were calculated. 
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HISTORICAL 
Silicic acid gels were first studied back in the 
middle of the nineteenth century. Since that time a great 
deal of work has been dpne on these gels in an effDrt to 
establish a theory for the mechanism involved in the setting 
of the gels. The now generally accepted theory is that proposed 
by Proctor and Robinson (1) in 1914. This so-ealled fibrillar 
theory pictures the gel as being composed of long thread-like 
chains which lengthen and branch ou* on polymerization. The 
final entangled mass of chains resembles a cobweb. 
In an effort to dieeover the true mechanism involved in 
. 
the setting of these gels much work has been done at Union 
College during the past few years on this question. Practically 
all of the work, however, has been confined to gels prepa~ed 
by the action of acetie acid on sodium silicate solution. 
Hurd and Letteron (2) showed that the log of time of set 
was a linear function of the reeiprocal of the absolute 
temperature for the acetic acid gels. In connection with this 
a quantity Q, the Arrhenius' heat of activation, was calculated• 
from the elope of the log t1me--rec1procal temperature curves. 
For these gels they found Q - 16,940 cal/gm mole. Later work 
by Hurd and Miller (3) resulted in a value of Q - 16,640 cal/gm mol. 
Both of these values of Q du refer to acetic acid gels. 
Hurd and Haynes (4) continued this work by substituting 
for acetic aeid, other weak acids,viz tartaric, succinic and 
citrie acids. The average value of Q for these three acids they 
found to be 17,290 cal/gm mole. In conjunction with the 
determination of the heat of activation of acetic acid gels, 
Hurd and his associates ha.ve noted that the log of the time of 
set is a linear function of the pH of the gel--over 
a range of pH which includes the values from 3-5.5 (the 
range utilized in this work). For a eomplete analysis of 
time 0! set as ~unction of.hydrogen ion eonoentration, see 
theses of Cooney (5) and Kern (6). 
Quantitative studies of silicic acid gels prepared by 
the acti~n of strong acids upon a solution of sodium silicate, 
appear ta be rather limited in number. Flemming (7) after a 
brief study of the various effects of hydrochloric acid and 
sulphuric acid upon the ree.ul ting gels concluded that different 
acids were of nG consequence in the determination of the type 
of gel produced. Holmes (8) studied the effect of different 
acids by preparing gels of the same concentration of silica 
but varying normalities ef the acids used. In the curves he 
obtained for the normality of acid against time of set, no 
account was taken of the relative strengths of the acids used. 
Furthermoee, Holm.es was attempting to compile specifie directions 
for the industrial preparation of the s111cic acid gels and 
was not particularly interested in the theory behind the gels. 
In his work he found that for a given normality of acid, the 
nitric aeid gel set first, then the hydrochloric acid one and 
finally the sulphur1e xmlll acid one--considering just the 
three acids used in this research. In explaining his results 
Holmes placed great emphasis on the varying dehydrating 
influence of the acids. He also studied temperature effeet 
on the gels and plotted curves showing the relation between 
degrees Centigrade and time of set for the various acids. Since 
in all of this work, a considerable excess of the acid above that 
required to neutralize the sodium hydroxide in the silicate 
A solution was present, his results pertain to quite different 
gels than those studied in this research, :principally because 
of the presence of the additional complicating factor of 
dehydration by the excess acid moleeules. It might well be 
noted, however, that Holmes found that nitric and hydrochloric 
acids gave very nearly identical measlllr.ements, but sulphuric acid 
was much different from either of these. This similarity of 
course is probably due to the fact that nitric and hydrochloric 
acids are of about the strength, nitric being slightly the 
stronger. 
Fells and.Firth (9) made a series of hydrochloric acid 
gels at temperatures ~a~ging from 0° to 45n, and found that 
the time of setting did not show a variation with temperature. 
I~all of their gels a considerable exeess of acid was present. 
Ray and Ganguly (10) determined optimum conditions for the 
formation of gels from alkali silicate solutions with 
hydrochloric and sulphuric acids •. They found for each concentration 
of silicate solution a definite range B1 beyond which no 
gelation occurred. The pH values corresponding to the points 
where gel formation just stopped were accurately measured. 
When they substituted sulphuric acid for hydrochloric acid, 
they found no great change in the pH values of their so-called 
limitine range, but they found that in the case of the 
sulphuric acid gels the region of gel formation was not sharp. 
Hurd, Raymond and Miller (11) obtained time of set 
and pH data for mixtures of sodium silicate and hydrochloric 
acid at 25 Co over a limited rang~ of pH from 4.20 to 5.50. 
They found that a linear relationship between log time of set 
and :Rll. pH for these gels was quite evident for the range studied. 
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EXPERIMENTAL 
The sodiWn s'ilicate ~ se>lution used in this 
research was the "E" brand of the Philadelphia. Quartz 
Company. The Na20/s1o2 ratio by weight was 1/3.25. 
A large volume of s111eate solution having a normality 
of 1.255 with respect to sodium hydroxide was made up in 
the beginning in order to insure a uniform concentration 
Gf silicate in all of the gels. The silicate solution was 
titrated with standard sulphuric acid using methyl orange 
as the indicator. Volumes of the acids used in making.the 
gels were made up having a normality of about 2.00. These 
acids were titrated with standard sodium hydroxiae using 
phenolphthalein as the indicator. All of the water used in 
making these original solutions and in the preparation of the 
gels was distilled water which had previausly been bolled 
for some time in order to insure a minimum carbon dioxide 
content. 
0 With the exception of the runs made at 0 C., all of the 
gels on which time of set measurements were taken were made up to 
a total volume of 80 cc and were 11 allowed to set in 100 ce 
K beakers ( covered with tight fitting watch glasses). 
In each 80 cc mixture there was present 25 cc of the 1.255 
N. silicate solution and sufficient water and acid to make 
the total volume equal to 80 cc. Thus, for all 8' of the 
gels the concentration of sodium hydroxide was .392 g mol/liter 
and of silica .638 g moljliter. Due to the fact that the 
gels were not at all reproducible. a double mixture was made 
up in every case. Fifty oc of the silicate solution was placed 
1n a 250 cc beaker and 110 co of acid and water was placed in 
another 250 oc beaker. These beakers covered with watch 
glasses were plaeed in a thermostated bath whieh was 
o regulated at a temperature 1.4 c. below the temperature 
of the bath in which the gels were to set. The difference 
0 . in temperature of these baths, viz. 1.4 c., has been found 
to correct properly for the heat evolved in the neutralization 
reaction which takes place when the solutions are mixed. 
At a designated time the silicate was poured into the 
acid, and the two• were th.en thoroughly mixed by pouring 
back and forth twice. A maximum time of 15 sec. was used in 
the mi~1ng. Eighty cc of the resulting mixture was then poured 
immediately into a 100 cc K beaker and placed in the bath 
regulated at the proper temperature. The remaining 80 cc 
was placed in another 100 cc beaker and the pH readings were 
taken. (For a detailed discuation of pH readings see pageq). 
:Soth of these 100 cc beakers had been standing for some time, 
dry and empty, in the time of set thermostat. The beakers 
were held in the water by little lead weights placed 
on the watch glasses. 
The time of set of' the gels was determined by the Utte:tl 
tilted rod method. The rod was 10 cm. long and 3 mm thick 
and was tapered at one a end. The gel was considered set when 
the rod was supported at an angle of 15 to the vertical. 
In the case of the runs at ~°C.,the gels were allowed 
- to set in 200 cc Erlenmeyer flasks. Previous work had 
shown that 160 cc of the gel mixture in one of these flasks 
when tested with a rod 3 mm thick and 14 cm long gave results 
wh1eh agreed with those obtained for the 80 oc mixture in the 
100 oc beaker. 
Four different temperatures were used in•this research, 
6 0 0 0 viz 0 ,24.9 ,35.3 (36.5 in case of hydrochloric acid gels), 
0 .. 
and 49.8 - ... all Centigrade. For the 0°thermostats large 
- insulated tubs, filled with a mixture of snow and water, 
proved quite sufficient. The baths were frequently replenished 
with fresh snow and the excess water was carefully siphoned 
offo The gels in the 200 ec Erlenmeyer flasks, stoppered 
with pariffined corks, we~e packed in the snow. In order that 
the flasks might be completely submerged 50 cc beakers were 
inverted over the necks of the flasks. 
For the other temperatures water filled thermostats 
were used. The temperatures of the baths were regulated by means 
of a mercury regulator and telephone relays. The electrical 
heating elements were plaved in _the regulator circuit. Each 
bath was provided with an efficient, electrically driven, 
stirreft. A careful check was kept of the temperature of the 
baths in order to make certain that a constant temperature was 
being obtained. All of the temperatures were measured with a 
ealibrated Bureau of Standards thermometer. In the case of 
the two higher temperatures, the temperature noted in the 
tables are those of the gel mixtures which did not come 
up completely to the temperature of the bath in these two cases. 
As has been mentioned previously the strength of the 
acids used butt in the preparation of the gels was such Jk 
that checis could not be made on any of the gels. This fact 
is read1lj understand.able from an examination of the titration 
curves for these acids. At the stoichiometric point a slight 
increase in the amount of base present results in an enormous 
increase in pH. And it is at this point that the work was done. 
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From the normality of the silicate solution and the 
normality of the acid to be used, the amount of acid 
necessary to JU!!Xmi'; neutralize the 25 cc of silicate solution 
in each 80 cc mixture was calculated. Then, this amount plus 
.2-.3 extra of the acid (about 2.00 N.) was measured out and 
sufficient water added to :ma.kw a volume of 55 ec (when total 
volume ls to equal 80 cc, 1.eo for a single mixture). Two 
successive gels prepared as nearly identical as possible might 
have time of sets of 5 min. and 4 hrs. Of course the corresponding 
pH's WQuld be much different, but that illustrates very clearly 
the difficulty one encounters in the preparation of these g1ax. 
gels. The obtaining of a fairly good distribution of pH and 
time of set was often a very tedious task, since the element 
luck played a very important part in the determination of this 
distribution. 
All of the ,Hta pH's were measured with a Leeds and 
Northrup potentiometer using a saturated calomel cell and 
quinhydrone platinum (bright wire) electrode. Great care was 
- exercised to make sure that the platinum wire was kept fairly 
clean. After every reading the wire was immersed in a boiling 
concentrated solution d of sodium hydroxide for about a. minute, 
washed in a hydrochloric acid solution and then distilled water, 
and finally flashed in a flame. This treatment, found by previous 
workers to be absolutely necessary, gave very satisfactory 
results in this research. 
As mentioned on page 6, 80 cc of every double mixture 
made up was set aside immediately after mixing for pH 
determination. The 80 cc contained in a 100 cc beaker was 
placed in a thermostat regulated at 25°( all pH's were taken 
0 at the same temperature, viz. 25 C.) A pinch of quinhydrone 
was added to the solution a.nd the latter was then well stirredA 
The platinum electrode and the sidearm of the calomel cell 
were then lowered into the solution. Sufficient time was 
allowed for the solution to reach the temperature of the bath. 
Then the E.M.F. of the aell was noted on~he potentiometer, 
- and this later was translated into pH units. 
Previous work at Union College on these gels have shown 
that the quinhydrone method for the determination of pH works 
quite satisfactorily for the gels prepared 1 from the weak acids. 
In this research one of the most perplexing problems encountered 
was this question of pH, for in the case of the gie&l gels 
prepared from the strong acids a change of pH occurred during 
the process of setting. Previously, no serious trouble from this 
source had been encountered in the aase of the weak acid.a gels. 
(The buffer effect of sodium acetate is undoubtedly the reason 
why no drift was noticed in the case of the gels prepared from 
acetic aoid.) For that reason and for reasons substantiated 
by experimental observation, it was concluded that the pH drift 
was not caused by the method used in its determination, but 
rather was an inherent property of the solutions under consideration. 
Having made certain of the last conclusion, the question 
arose of which pH should be assigned to the gels. For some time 
a eareful check was kept of the pH drift for the various gels 
studied. From this work several conclusions were drawn, all of 
'· which have been repeatedly substabtiated by subsequent runs. 
The more important of these conclusions will be stated briefly at 
this time. 
It was at once apparent that the initial value of pH 
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noted for each gel was of little practical value. For this 
first reading depended to a great extant on the degree of 
cleanliness of the platinum wire and the temperature of the 
solution at the time of observation. The former, despite the 
fact that the same process of cleaning the wire was carried out 
previous to every run, was not of sufficient uniformity to be 
relied upon. Furthermore, the latter was in important factor, for 
which sufficient allowance ceuld be made, only by waiting a 
certain length of time, thereby losing the initial value of 2 
pH .. 
It was noted, moreover, that there was no apparent 
relationshmp whatsoever between the time of set and this first 
value of pH. The most important observation pf all, however, 
was that the pH drift was al•ays in the same direction. The 
solutions xxxig: always worked toward higher pH's, i.e. toward 
. 
lower hj·drogen ion concentr"ations. Fortunately, )he drift in 
every solution slowed up eventually, so that there was 
practically no further change of pH with time. It was this 
more or less static pH that was rBB3l911K recorded for every gel. 
There was observed certain interesting facts concerning the 
extent of drift and proportion of the time of set required 
for the drift to practically stop that should be carefully 
investigated in a future problem. The following generalities 
are the result of observing this pH drift in all of the strong 
acid gels studied. For gels whose final pH fell in the range 
extending from 2.75 .. 4.25 (no definite limits), the amount of pH 
·- drift was not nearly so great ~o< - as~gels whose pH was greater 
than 4.25. For the lower range the amount of drift generally 
fell in the range of from ~.tHxJ .l-.3 pH unit. The more acidic 
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the gel the less was the extent of drift. However, as the 
gels became more basic the extent of drift greatly increased. 
For example, gels of pH greater than 5.,75 might change in pH 
as much as 1 pH unit during the process of eettingo 
For the more acidic gels, i.e. gels in the range of 
pH from 2075-4.25, the value of pH obtained for each gel 
was observed long before the gel set. Further observations 
on such gels showed that there was practically no further change 
up to and after the time the gel set. However, as the gels 
became more basic, the drift continued for a greater proportion 
of the time of set. For gels of pH of about 5.00 or more, the 
d.rift continped long e.fter the gel had set. This change of 
pH, however, with time finally became imperceptible in such cases. 
In connection with this change of R pH af~er the setting of the 
g$is, the following interesting fact was observed. Ma.ny gels 
of varying time of sets seemed to set at one particular pH, 
but drifted down after setting to final pH's concordant with their 
respective time of sets. This particular value of pH ref•rred 
to was about 4.85 
It is to be regretted that time did not permit a careful 
quantitative study of this peculiar phenomenon. From the 
qualxitative observations noted, no great differance was seen in 
the effect of the various acids on the question of pH drift. 
The author feels completely justified in using these so- 
oalled final pH's in hie calculatlone of the hea•s of activation. 
For these pH's plotted against log time of set gave straight 
lines in every case over the range of pH studied. And furthermore 
PH's taken initially (as already explained), and pH's noted at the 
time o~ set apparently bear no relationship with oorresponAing times. 
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RESULTS 
The data, consisting of times of set and corresponding 
pH's, for the gels made from nitric , hydrochloric, and 
sulphuric acids at each temperature are tabulated in Tables 
I,II and III. For each group of gels the logs of the times 
of set were then plotted against the corresponding pH's, as 
shown in graphs I, II and III. 
The equations of the resulting straight lines (log time 
against pH) were evaluated~ and are given in Table IVa. 
~rom these equations of the lines, values of the log of time 
of set for pH's corresponding to 3.0,3.5,4.o,4.5, and 5.0 
were then determined for each acid. These interpolated values 
are given in Table IVb. 
From the date given in Table IVb graph IV was plotted 
for log time against reciprocal of absolute temperature for 
each acid a.teach pH listed in the table. It has been assumed 
that the four points for each curve should fall on a straight 
line, an~_~herefore the best straight line through each grooup 
of four points was determined by the method of leasD squares. 
These determinations appear in Table v. 
Now, by making the same simple assumptions as those used 
by Hurd and Letteron (2), values of the heat of activation 
Q were determined f0r each acid at each of the tabulated pH's 
by multiplying the slopes of the curves as given in Table V 
by 2.303R. The resulting values of Qare to be found in Table v. 
Then, the caluulated values of Q as found for each acid 
were plotted against pH (Graph V). The equations of the resulting 
straight lines were calculated and are tabulated in Table v. 
TABLE l 
NITRIC·ACID GELS 
(a) TemE• o0c. ( b) Tem~. 24.9° c. 
.. - - - . - T1me log time pH Time log time pH (min.) . (min.) 
- 12090 4.082 3.42 1037 3.016 3.40 
7065 3.849 3.63 647 2.·s11 3.58 
6765 3.830 3.78 308 2.489 3.88 
4560 3.659 3.85 255 2.407 3.95 
1255 3.099 4.28 262 2.418 3.95 
647 2.811 4.54 242 2.384 4.oo 
340 2.531 4.77 170 2.230 4.11 
305 2.484 4.83 117 2.068 4 •. 27 
137 2.137 5.00 71 1.851 4 •. 45 
51 1.708 5.45 67 1.826 4.48 
41 1.613 5.58 63 1.800 4.50 
34.5 1.538 5.59 59.5 1.775 4.55 
33 1.519 5.62 52 1.716 4.60 
22 1.342 5.75 30 1.477 4.80 
18.5 1.267 s.so 26 1.415 4.88 
22 1.342 4.95 
18.5 1.afi7 4.98 
17 1.230 5.05 
14.5 1.161 5.16 
14 1.146 5.12 
10 1.000 5.25 
6 .778 5.46 
3.5 .544 5.65 
2 .301 5.91 
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TABLE I (continued) 
NITRIC ACID GELS 
( c) 
e ;.' ( d) Temp. 49.8°c. TemE· 35.3 c. 
time log time pH time log time pH 
(min.) (min.) 
420 2.623 3.38 160 2.204 3.16 
204 2.310 3.60 134 2.127 3.26 
112 2.049 4.oo 92 1.964 3.47 
105 2.022 3.91 72 1.857 3.60 
49 1.690 4.21 64 1.806 3.65 
44 1.643 4.35 51 1.708 3.72 
43 1.633 4.35 34.5 1.538 3.96 
28 1.447 4.52 23 1.,362 4.04 
22 1.342 4.60 13 1.114 4.39 
14 1.146 4.85 9 .954 4.52 
11.5 1.060 4.97 
11.5 1.060 5~00 
10.5 1.021 4.98 
8.5 .929 5.08 
1.0 .845 5.19 
4.o .502 5.45 
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'fABLE II 
HYDROCHLORIC ACID GELS 
- d 
(b) 0 (a) TemE• ~ C. Tem12. 24.9 C. 
. - 
Time log time pH Tim• log time pH 
(min.} (min.} 
.~ .. 
7020 3.846 -;.77 1685 3.227 3.15 
4010 3.603 4.06 1475 3ci-169 3.25 
1864 3.271 4.27 1280 3.107 3.Z'{ 
1715 3.234 4o37 1230 3.090 3.35 
1320 3.121 4.45 1075 3.051 3.37 
1249 3.097 4.40 912 2.960 3.41 
798 2.902 4.60 632 2.801 3.59 
690 2.839 4.67 561 2.749 3.63 
.ff.SO 2.681 4.80 455 2.658 3.71 
471 2.673 4.71 413 2.616 3.71 
125 2.097 5. 25 417 2.620 3.77 
91 1.960 5.40 369 2.567 3.82 
278 20444 3.87 
253 2.403 3.96 
2!J7 2.316 4.oo 
160 2.004 4.12 
91 1.960 4.30 
68 1.833 4.44 
46.5 1.667 4.58 
29 1.462 4.76 
21.5 , 1.332 4.83 
18 1.255 4.95 
15.5 l.190 4.98 
10.8 1.031 5.13 
14.6 1.164 5.05 
7 .845 5.30 
-16- 
TABLE II (continued) 
HXlJROCHLORIC ACID GELS 
(c) Temp • 
. 0 '' ( d) e 36.5 c. T&m:Q. 49,.8 C. 
~ .. time log time pH time log time pH 
(min.) {min.) 
663 2.822 3.08 122 2.086 3.38 
600 2.778 3ol3 108 20033 3.43 
472 2.674 3o25 86 1.934 3.51 
253 2.403 3.50 77 1.886 3.50 
172 2,.236 3.75 74 1.869 3.55 
103 2.013 3.95 54 1.732 3.70 
58 1.763 4.15 19 1.279 4.a> 
44 1.643 4.29 5 .100 4.80 
17.5 lo243 4.72 4 .602 4.93 
17.25 1.237 4.75 3 .477 5.10 
16 1.204 4.82 
15.75 1.197 4.78 
7.5 .875 5.09 
6.5 .813 5.17 
5.25 • 7'20 s.3o 

TABLE III 
SULPHURIC AOID GELS 
(a) Tem12. 0° c. ... (b) 0 Tem12. 24.9 c. 
. - .. ~ ~ - . , . ~ Time log time pH Time log time pH (min.) (min.) 
8160 3.912 4.10 1013 3.006 3.37 
4516 3.655 4.27 906 2.957 3.37 
1965 3.293 4.55 830 2.919 3.4-0 
1oe 2.850 4.87 724 2.860 3.41 
615 2.789 4.88 722 2.859 3.45 
480 2.681 5.05 569 2.755 3.59 
425 2.629 5.06 493 2.693 3o63 
350 2.547 5.09 281 2.451 3.90 
332 2.521 5.17 147 2.167 4.14 
330 2.519 5.13 125.5 2.099 4.27 
306 2.846 5.1, 93 l.968 4.36 
258 2.412 5.20 72 1.857 4.43 
234 2.369 5.28 46 1.663 4.59 
232 2.366 5.23 54 1.732 4.60 
200 2.301 5.25 44 1.643 4o65 
152 2.182 5.30 26 1.415 4.83 
125 2.097 5.43 27.5 1.440 4.85 
24 1.380 4.91 
23. 1.362 4.92 
22.5 1.352 4.95 
20 1.301 4.95 
18.3 1.261 s.os 
16.75 1.224 5.08 
9.25 .966 5.30 
a.o .903 5.45 
3.83 .584 5.73 -19- 
TABLE III (continued) 
. 
SULPHURIC ACID GELS 
( c) 
0 - ~ 
( d) 0 Tem::12. 35.3 c. ~~mE• 49.8 c. 
' - ' Time log t1me pH Time log time pH (min.) (min.) 
- 227 2.356 lQl 52 1.716 3.60 
136 1.134 3.85 51 1.708 3.59 
114 2.057 3.92 46 1.663 3.63 
106 2.025 3.95 42.5 1.628 3.71 
66 1.820 4.25 38 1.580 3.75 
53 1.724 4.28 28 1.447 3.89 
52 1.716 4.25 26.5 1.423 3.95 
33 1.519 4.58 22 1.342 4.03 
29.5 1.470 4.67 15 1.176 4.22 
14.5 1.161 4.99 10.5 1.021 4.49 
9 .954 s.ro 5.5 .740 4.83 
8.75 .942 5.28 3 .477 5.22 
5 .100 s.45 
-20- 

TABLE !Va 
Equations for log time - pH curves 
Ffydroohloric acid 5els 
deg c. 
0 
24.9 
36.5 
49.8 
l/T 
,003662 
.003356 
.003230 
.003097 
equation or line 
Y= -l.25x-+ 8.63 
Y= -l.15x+ 6.93 
Y~ .... 99x + 5 .93 
Y = - .95x + 5. 24 
Nibric ~ S~!! 
0 
24.9 
35.3 
49.8 
.003662 
.003356 
.003243 
.003097 
Y= .. 1.22x+ 8.36 
y = -l.08x + 6.68 
y = ... 94x +5. 71 
y = - .9lx+ 5 .. 11 
Sulphuric !!£!2 B!,~~ 
0 .003662 Y-==- -l.36x + 9.48 
24.9 .003356 y:::::, -1.02.x +6.38 
35.3 .003243 y..,_ .. .83x +5.33 
49.8 .003097 y =- • 76x +4.44 
-22- 
TABLE !Vb 
Interpolated values of log time of set 
Nitric acid 5els 
·" - ,. ~ ... .- 
lo! time 
lill 0°C 24.9°C 35.3° c 49.8°C 
-- . - 3.0 4.70 3.44 2.92 2.38 
3.5 4.09 2.90 2.44 1.92 
4.o 3.48 2.36 1.96 1.46 
4.5 2.86 1.82 1.49 1.01 
5.0 2.26 1.28 1.02 .56 
Hydrochloric aeid gels 
3.0 4.89 3.48 2.96 2.39 
3.5 4.26 2.90 2.46 1.93 
4.o 3.64 2.34 1.96 1.46 
4.5 3.03 1.76 1.46 .99 
s.o 2.41 1.18 .98 .51 
Sul~hurie aeid gels 
3.0 5.40 3.32 2.84 2.16 
3.5 4.72 2.82 2.42 1.76 
4.o 4.04 2.30 2.00 1.38 
4.5 3.36 1.79 1.58 1.00 
5.0 2.67 1.28 1.16 .62 
Note:- In the case of the hydrochloric acid gels, 
the fourth column is for a temp. of 36.5°C. 

TABLE V 
Heats of activation ;;.;;.;;....;;;;..;;..;;;.---- 
El! 
3.0 
3.5 
4.0 
4.5 
5.0 
Nitric aeig gel~ 
. - . - ~ ~ - - - - . ~ .~ 
eq. of log t - lfT curve 
s = 3,990x -9.99 
Y= 3, 790x .9.84 
Y= 3,590x ... 9.68 
y == 3,370x -9.48 
y-;:. 3,l90x -9.39 
Q (heat of activ_at1onl 
18, 200 
17,300 
16,400··" 
15,380 
14,570 
mean~ 
16,370 cal 
g mol 
Hidrochloric ~gels 
3.0 s = 4,432x -11.36 20, 280 
3.5 Y= 4,123x -10.86 18,870 
4.o Y= 3,852x -10.50 17 ,630 mean e, 
4.5 y = 3, 600x -10 • 20 16,470 17,700 cal 
5.0 Y= 3,329x • 9.83 15, 230 
6 mol 
S~lEhqric ~gels 
3.0 Y-= 5,802x -15.95 26,550 
3.5 Y~ 5,2'73x -14.68 24,130 
4.o y::::: 4,727x -13.36 21,630 mean= 
4.5 Y-==- 4,169x -11.99 19,070 21,580 cal 
5.0 y~ 3,607x -10.62 16,510 
g mol 
• 
.. ___ -------------------------------------------------~------------------· 
equation of Q - pH curves 
nitric acid s ":!!! -1800x -\-23 ,600 
Y-= -2525x + 27 ,825 
y::: -5000x t-41,550 
hydrochloric acid 
sulphuric acid 
-25- 
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DISCUSSION Qf RESULTS 
As yet there is not enough data available to explain 
in detail the cause of the pH drift. It would appear, however, 
that is the result of the splitting out of water from mono 
ortho, s~licic acid to form more complex acids with corresponding 
lower degrees of ionization. If such is the :mtllll case, the data 
would tend to uphold the Proctor and Robinson (1) fibr~llar 
theory. The fact that in certain gels the pH keeps changing 
long after the gel has set (see page 11) would seem to indicate 
that the method here used to determine the time of set, viz 
the tilted rod method, did not measure the completion of the 
reaction taking place in the gel, but rather a certain stage 
in the reaction. This conclusion once again suggests that a 
very thorough investi~ation of this whole question of pH drift 
should be undertaken in the immediate future. 
Since the curves for the log of time against pH were found 
to be straight lines, for the range of pH from 3 to 6, it is 
safe to conclude that the substitution of the weak acids by the 
~~~ong acids ~oes not alter the fact that the reaction for this 
range of pH is apparently unimolecular. In this connection 
it should be noted that the slopes of the log time-pH curves 
decrease with increasing temperature. {see graphs I, II and III 
and Table IVa) 
In the calculation &f the heats of activation it has 1.t>een 
assumed that a linear function exists between log time and l/T. 
This assumption is apparently valid for nitric acid gels, and is 
approximately true for hydrochloric acid gels. However, it 
appears to be quite evident that such is not the case for 
-~- 
sulphuric acid gels. (Because of insuff~cient data the linear 
relationship was assumed to hold.) From the points obtained 
it is possible to predict that Q is not a coµatant for any single 
pH, but rathen a quantity which for a single pH varies with 
temperature. (see Grap- IV) It is to be recommended that data 
. be obtained for several other temperatures in an effort to 
ascertain the complete nature of the log time-reciprocal 
temperature curves for sulphuric acid gels. Also a study of 
phosphoria acid gels should prove very. interestin~o 
A quite conclusive proof is contained in Table Vb to the 
effect that the heat of activation of a strong acid gel 
increases with decreasing pH. This unfortunately is just the 
opposite from the effect observed by Hurd and Miller (3) on 
acetic acid gels and Hurd and Haynes (4) on tartaric acid gels. 
From the mearu1 of the values of the heat of activation 
for the range of pH from 3•5, it is evident that nitric acid 
gels have a lower heat of aetlvation than doBX hydrochloric 
acid gels, and the latter in turn lower than sulphuric acid 
gels. It should be significant that the order of the acids 
in this regard is identical with their respective strengths, 
ni~~ic acid being the strongest and sulphuric acid the weatest. 
Also the great similarity in strengths between hydrochloric and 
nitric acids ls indicated in the closeness of the meatjvalues of 
their respective heats of activation. This data then would tend 
to substantiate the work of Holmes (8), discussed on page 3. 
The linear relationship noted between Q and pH is very 
interesting, but the author is at a loss to explain its 
significance. 
-~- 
SUMMARY 
The effect of temperature upon the time of set of 
s111c1c acid gels, made by mixing solutionx of sodium 
silicate with solutions of hydrochloric, nitric and 
sulphuric acids, has been studied. 
Values of the heat of activation for gels of each 
acid have been calculated. They were found to vary 
linearly with pH. Mean values of Q for the range of pH 
from 3-5 for the acids used are:- nitric 16,370 cal/g mol, 
hydrochloric 17,700 cal/g mol, sulphuric 21,580 cal/g mol. 
The pH of the gels was found to .txk increase markedly 
with time, most of the ehange taking place before the setting of 
the gels. In connection with this pH drift, certain 
qualitative relationships have been noted. 
-30- 
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